Urmia Lake, the world second largest hypersaline lake, has decreased in size over recent decades primarily because inflow has diminished. This has caused serious socio-environmental consequences similar to those of the Aral Sea disaster. By using the Variable Infiltration Capacity (VIC) model, this study estimates the relative contributions of climate change and water resources development -which includes construction of reservoirs and expansion of irrigated areas -to changes in Urmia Lake inflow over the period . The model results show that decreases in inflow generally follow observed decreases in precipitation, though the variability in inflow is more pronounced than the variability in precipitation. The results also suggest that water use for irrigation has increased pressure on the basin's water availability and has caused flows to decrease by as much as 40% during dry years. On the other hand, the presence of reservoirs positively contributed to water availability during relatively dry years and did not significantly reduce lake inflow. By accelerating irrigation expansion in the basin, reservoirs have, however indirectly, contributed to inflow reduction. Our results show that annual inflow to Urmia Lake has dropped by 48% over the study period. About three fifths of this change was caused by climate change and about two fifths was caused by water resources development. The results of this study show that to prevent further desiccation of Urmia Lake it will be necessary both to develop national plans to reduce irrigation water use and to develop international plans to address climate change.
1
Introduction Climate change 1 significantly influences the natural hydrological cycle which can contribute to water scarcity (Haddeland et al., 2014; IPCC, 2014) . To safeguard water and food supplies for growing population, humans construct reservoirs, extract water for irrigation and modify land use. These actions have been associated with an increasing number of drying lakes in arid and semi-arid areas (IPCC, 2014) . However, only a limited number of studies have assessed the role of climate change and water resources development, individually and combined, on the desiccation of lakes. This knowledge gap hampers our ability to develop adequate and effective adaptation strategies to rehabilitate and preserve endangered lakes. Among all vulnerable lakes, the saline and hypersaline lakes need particular attention due to their highly vulnerable ecosystems and the irreversible socio-environmental impacts of their desiccation. In this paper, we evaluate the impact of climate change and water resources development on the desiccation of the world's second largest permanent hypersaline lake, Urmia Lake (Karbassi et al., 2010) .
Urmia Lake basin is located in the northwest of Iran and has been seriously affected by both climate change and water resources development (Farokhnia, 2015; Fathian et al., 2014; Hassanzadeh et al., 2012) . The Urmia Lake basin is an important agricultural region with a population of around 6 million people. The lake's water level and surface area have sharply declined over the last two decades (Kakahaji et al., 2013) . This has caused an environmental disaster by increased salinity and has had negative effects on ecosystems, agriculture, livelihoods, and health (Karbassi et al., 2010 ). An outcome similar to that observed in the Aral Sea is likely for this lake (AghaKouchak et al., 2015; Badescu and Schuiling, 2010) . The Aral Sea has dried up over the past several decades and affected the surrounding communities with windblown salt storms (Micklin, 1988) . Moreover, the population around Urmia Lake is much larger than around the Aral Sea and thus more people are at risk (UNEP, 2012) .
A number of recent papers have discussed reasons for the shrinkage of Urmia Lake and the possible environmental consequences. Delju et al. (2013) showed how a decrease in precipitation combined with an increase in temperature in the basin has caused the most severe drought in the last 40 years. Other studies have assessed the observed precipitation over the basin and have confirmed the decreasing trend (Farokhnia and Morid, 2014; Hassanzadeh et al., 2012; Katiraei PS, 2006; Rezaei Banafsheh M, 2010) . A recent investigation showed that Urmia Lake only receives a relatively small amount of groundwater discharge (up to 3 percent) so it is very sensitive to the surface inflow fluctuations (Hashemi, 2011; ULRP, 2015) . Hassanzadeh et al. (2012) demonstrated that the decline in surface inflow has been the dominant reason for lake shrinkage. They showed that, in total, 65% of the decline in lake water levels and volumes had been caused by changes in inflow, which was due to surface water use and climate change. Fathian et al. (2014) showed the correlation between inflow reduction and climate variability (precipitation and temperature). They also estimated that inflow to the lake is more sensitive to temperature than to precipitation. On the other hand, AghaKouchak et al. (2015) 's suggested that human water use has been the most influential factor on the lake desiccation. Although the studies mentioned indicated different factors to be the major contributor to the declining inflow, they all agree that a combination of climate change and water resources development has caused the observed decline. However, the relative contributions of these two drivers has not been quantified so far and it is therefore not clear to what extent climate change and water resources development have contributed to the declining inflow. The aim of this paper is to quantify the relative contributions of climate change and water resources development to the declining inflow into Urmia Lake over the last 50 years.
2
Study area The Urmia Lake basin area is around 51,000 km 2 , of which the lake formerly covered approximately 5000 km 2 . Urmia Lake's water level started to decrease sharply from 1995 ( Figure 1 ). Since the lake is shallow (Djamali et al., 2008) , the surface area of the lake also shrunk rapidly (Supplementary information 1).
There are 17 permanent rivers and 12 seasonal rivers which terminate at Urmia Lake (Figure 2 ). The basin can be divided into six main subbasins: west, southwest, south, east, north, and northeast. The average annual precipitation in the basin is between 300 and 400 mm. The mean annual air temperatures is reported from 6.8 to 14.8°C in summer (Iran Ministry of Energy, 2014a; Karbassi et al., 2010) .
The basin has an arid to semi-arid climate; this means that agriculture in the basin is highly dependent on irrigation. There are ~510,000 ha of irrigated land in the basin with 33 modern and traditional irrigation networks. The reported irrigation efficiency is quite low: 37% for farming and 45% for gardening (Iran Ministry of Energy, 2014b) . To support agricultural growth, the area under irrigation around the lake has increased over seven times during the last 15 years (Iran Ministry of Energy, 2014b). These land cover changes along with climate change put extra pressure on the basin's water resources and have caused a dramatic decline in the inflow to the lake (Hashemi, 2011) . 
Method

Data management
To assess the precipitation trend during study period, we used precipitation data from 146 rain gauges distributed over the basin (Figure 2) . Data-quality control and homogenization of precipitation time-series have been done by applying the method described in Vicente Serrano et al. (2010) as reported by the Iran Ministry of Energy (2014c). This method comprises three steps. The first step filled the data gaps using auxiliary information obtained from Iran Meteorological Organization and nearby observatories. The second step identified the records that differed noticeably from values recorded in neighboring stations and replaced anomalous and questionable ones. The third step verified the homogeneity of the data series to avoid the presence of spurious data in the final dataset. Observed annual inflow into the lake for the period 1960-2010 was obtained from 18 hydrometric stations located near the outlets of all important tributaries to the Lake (Figure 2 ).
3.2
Hydrological model To separate impacts of climate change and water resources development we used the Variable Infiltration Capacity (VIC) model, including reservoir and irrigation modules. The VIC model is a grid-based soilvegetation-atmosphere transfer schemes model (Liang et al., 1994; Nijssen et al., 1997; Nijssen et al., 2001b) . The input data are daily precipitation, maximum and minimum temperature and wind speed. Each grid cell is divided into multiple vegetation types and into multiple soil layers. Historical vegetation data were obtained from the SAGE database at the University of Wisconsin-Madison (available online at http://www.sage.wisc.edu/). Evapotranspiration is calculated using the Penman-Monteith equation. The simulated surface streamflow and base flow, combined referred as inflow in this paper, are routed from each grid cell to the basin as described by Lohmann et al. (Lohmann et al., 1998b , 1998a ). The VIC model, like most land surface models, does not consider deep groundwater withdrawals , which therefore are not taken into account in this study. The model has been widely used for streamflow studies globally (Nijssen et al., 2001a; Van Vliet et al., 2013) and for major river basins, as well as for other basins of the world like Europe, the US, and China (Hurkmans et al., 2008; Van Vliet et al., 2012; Wu et al., 2007; Xie et al., 2007a) . The results of these studies have shown that the model has been able to reproduce the water cycle well. Haddeland (2006) added reservoir and irrigation schemes to the VIC model, allowing the model to simulate irrigation water use, based on the calculated soil moisture deficit. The crop evapotranspiration is first calculated within the grid cells based on FAO (Food and Agriculture Organization of the United Nations)'s guideline (Allen et al., 1998) . The grid cells are divided into an irrigated and a non-irrigated area. In the model, irrigation is initiated if soil moisture falls below the transpiration level. To calculate irrigated water demand, an initial model run is performed assuming irrigation water is freely available (free irrigation run). Then, another simulation run is performed where irrigation is limited by water available from the first local river runoff, and, if no runoff water is available, water is extracted from reservoirs . The reservoir scheme calculates optimal release based on simulated reservoir inflow, storage capacity, reservoir evaporation, and downstream water demands. The optimal released calculated based on the SCEM-UA algorithm (Vrugt et al., 2003) . The model was able to simulate well the main hydrologic impacts of reservoir operations and irrigation water withdrawals on streamflow in different parts of the world (Haddeland et al., 2014; Haddeland et al., 2006) .
3.3
Forcing data To force the model, we used global gridded half-degree meteorological Watch Forcing Data (WFD) (Weedon et al., 2011 (Weedon et al., ), 1958 (Weedon et al., -2001 , and Watch Forcing Data ERA-Interim (WFDEI) (Weedon et al., 2014 (Weedon et al., ), 1979 (Weedon et al., -2010 . These data sets were specifically developed to be used as meteorological forcing of hydrological models using ERA-40 and ERA-Interim (Dee et al., 2011) reanalysis through consecutive interpolation to half-degree resolution. The elevation correction and monthly-scale adjustments were done based on monthly observations (Weedon et al., 2011) . As a result of these corrections the WDF and WFDEI are closer to observations and able to make better assessments of hydrological cycles compared to other available data sets (Weedon et al., 2010) . Both datasets were validated with observed data using a Taylor diagram (Bellocchi et al., 2010; Taylor, 2001 Taylor, , 2005 for the overlapping period, 1979 to 2001. The validation was done for precipitation (mm/day), minimum and maximum temperature (°C) for the WFD and WFDEI overlapping period, 1979 to 2001. For precipitation, observed data from 15 stations were used. For maximum and minimum temperature, observed data from seven stations were used. The stations are located homogeneously in the basin and were selected based on data availability for the overlapping period.
3.4
Model calibration We calibrated the VIC model following the methods described by Xie et al. (2007b) , using seven runoff-related model parameters, including the infiltration parameter, and the three soil-layer thicknesses. These four parameters were used for the primary calibration. In the advanced stage, the three parameters in the base flow scheme, including the maximum velocity of base flow Dm, fraction of maximum base flow Ds, and fraction of maximum soil moisture content of the third layer Ws, were used. We calibrated the model for all six subbasins separately, for 1960 to 1970 before the first irrigation and reservoir developments in the basin. After the calibration, we assessed the performance at the stations located furthest downstream, closest to the lake for all six subbasins. To evaluate the accumulation of differences in streamflow volume between simulated and measured data (Moriasi et al., 2007) , percent bias (Pbias) was used as objective function for mean monthly average. The correlation coefficient (R) was also selected to show the degree of linearity between observed and simulated data for the same parameter (Hurkmans et al., 2010) .
3.5
Simulation and calculations The model was forced with precipitation, maximum and min temperature and wind speed obtained from WFD for 1960 -2001 and WFDEI for 2001 . The 0.5 degree spatial and daily temporal resolution have been selected for the simulation regarding the forcing data resolution. Streamflow is simulated by routing subsurface and surface runoff using the method described in Lohmann et al. (1998a) .
In order to implement the irrigation scheme, the following local information on irrigation water use was used in the model simulations: percentage irrigated area, crop characteristics for each cell, and the cropping calendar. For the reservoir scheme, information for the basin's 41 dams including the locations, height, storage capacity, operating purpose, irrigating area, and surface area (estimated to be 146 km 2 in total), were added to the model, from which reservoir evaporation was calculated using the Penman equation in the model (Haddeland, 2006) .
To ascertain the trend in the impact of reservoir and irrigation development, the relevant input was updated four times during the simulations in four development stages: 1960-1970 3 , and irrigation area increased to almost 510000 ha (Figure 3 ). The simulation was performed for five different runs. The first run simulated conditions without reservoirs and irrigation (naturalized flow). The second run only simulated reservoir operation in the basin (only reservoir run). To calculate water demand, the third run assumed irrigation water is freely available (free irrigation run). In the fourth run irrigation was limited by water available from local river runoff, and, if no runoff water was available, water was extracted from reservoirs (limited irrigation run). The last run considered both reservoirs and irrigation in the basin (irrigation and reservoir run).
The results were compared to study the role of different factors: climate variability and change, reservoirs, irrigation, and the combination of all factors. Furthermore, by using two approaches, we quantified the effect of climate change and local anthropogenic activities (irrigation and reservoirs) on inflow individually. The first method is based on Wang (2014) . By reviewing several methods, he concluded that streamflow can be divided into subseries from a year before human activity is began (baseline period) and after (altered period). Thus, the difference between the mean annual inflow during the altered period and the mean annual inflow during the baseline period (Δ )is the total change of inflow which results from the combined effects of climate change and human activity. Based on this rationale, for this study ΔQ can be estimated as:
ΔQh= (
Where ΔQc is change in inflow attributed to climate change, ( ����� ) is the mean annual inflow during altered period, ( ����� ) is the mean annual inflow during baseline period, (
���������� ) is the mean naturalized annual inflow during the baseline period, ΔQh is change in inflow attributed to water resources management development ( ( ) ���������� ), is mean naturalized annual inflow during the altered period, and (
����������������� ) is the mean annual simulated inflow including irrigation and reservoirs during the altered period. The results of this approach is compared with another approach, which is based on the differences between the trends of naturalized flow and inflow considering irrigation and reservoirs for the whole 50 years study period.
The Environmental Flow Requirement (EFR) used in this study are based on the study by Abbaspour and Nazaridoust (2007) . They considered 240 g/l of NaCl as the water quality threshold for the survival of Artemia urmiana the key species living in the lake. By using a long-term record of the lake water level and NaCl concentration data, they estimated the water level of 1274.1m a.m.s.l. as the lake ecological level. Based on the lake surface-volume relation, 4.6×10 9 m 2 were estimated as the lake ecological surface area. As Urmia Lake is the terminate lake (no outflow), they concluded that a minimum of 3085×10 6 m 3 (difference between the lake evaporation and precipitation on the estimated ecological surface area) of annual inflow is required to maintain the required ecological level. If the mean annual inflow over a period of several years meets or exceeds the EFR, the lake would continue its normal ecological functions including Artemia reproduction and supporting biodiversity. On the other hand, if salinity rises above 240 g/l, these functions would be negatively affected. The estimated EFR, 3085×10 6 m 3 , has been widely used as a basis for the basin water resources management projects, also defined as the policy target of Urmia Lake Restoration Program (ULRP, 2016a). Therefore, in this study we compared the simulated inflow to this value.
Results
4.1
Forcing data validation The Taylor diagram, showing three types of statistical analyses (correlation coefficient, RMSE and standard deviation), was used to compare the WFD and WFDEI with the local observed data (Figure 4) . The correlation coefficient for precipitation for both WFD and WFDEI is 0.75 which is generally considered to be strong (Bellocchi et al., 2010) . The WFD and WFDEI had almost identical RMSE (19 mm/month) and standard deviation (27 mm/month). For minimum temperature, the correlation coefficient for WFDEI is 0.82 and for WFD 0.9. For maximum temperature the correlation coefficient for WFDEI is 0.87 and for WFD 0.92. The RMSE is higher for WFDEI compared to WFD.
The Taylor diagram also showed that the simulated datasets perform relatively well in simulating the seasonal pattern for precipitation, minimum temperature and maximum temperature. The gridded datasets perform equally well for precipitation, while WFD performs better than WFDEI regarding minimum and maximum temperatures. Furthermore, WFDEI and WFD showed a very good agreement for their overlapping period .
4.2
Hydrological model calibration The results of model calibration indicated that the model was able to simulate the streamflow quite well for the entire basin (r -.99 to 0.79 and pbias -25.5 to 25.2) ( Figure 5) . The model performed better in the western and southern parts of the basin than it did in the north and northeast. This could be due to the water extraction for agriculture in north and northeast (Iran Ministry of Energy, 2014a) which was not included in this stage.
Recent climate change and the impact on inflow
The analysis of mean annual observed precipitation over the basin showed a decreasing trend between 1960 and 2010 from ~390 mm/year to ~330 mm/year over the last 50 years. Precipitation over the basin decreased by 1.12mmyr -1 over the study period ( Figure 6 ).
The naturalized streamflow trend was similar to precipitation, but with the more pronounced decreasing trend and a higher inter-annual variability (Figure 7a ). The total naturalized inflow into the lake decreased by ~1.5×10 9 m 3 over the last 50 years. The 10-year averages of annual naturalized inflow were higher than EFR for the entire study period (Figure 8 ). However, during the dry period, 1995-2001, the naturalized inflow into the lake was generally less than EFR (Figure 7a ). In 1999, the inflow reached 1110×10 6 m 3 yr -1 , which was the lowest level of the 50-years study period.
4.4
The impact of reservoir development To assess how reservoir operation affected the inflow into the lake, we subtracted the reservoir run results from the naturalized run streamflow results (Figure 9a ). Reservoirs generally stored water in wet years and released it in dry years. This pattern was in balance until ~1995. The negative impacts became slightly visible after a considerable expansion in reservoir capacity in 2004, which can be due to increase in evaporation from the reservoirs surface area. The mean annual amount of evaporation lost from reservoirs increased from 30×10 6 m 3 yr -1 to 164.2×10 6 m 3 yr -1 over the study period. Although reservoirs did not significantly impacts on annual inflow, they increased water availability in dry months in particular (Figure 7b ). Reservoirs did not have much impact on the 10-year averages of annual inflow (Figure 8 ).
4.5
The impact of irrigation development Irrigation always reduced inflow into the lake (Figure 9b) . In wet years, because more water was available, more of it was used for irrigation. However, the percentage of water taken by irrigation in dry years was higher ( Figure  9b ). Therefore, irrigation increased pressure on the basin's water balance in dry years. During severe dry years irrigation reduced up to 40% of the inflow into the lake. Furthermore, in summer time, the basin has a serious shortage in relation to meeting the irrigation water requirements from surface water (Figure 7b ). The negative values in the free irrigation run (Figure 7b ) may illustrate a shortage in the supply of irrigation water, meaning pressure on other water resources like groundwater. The average of annual inflow from 2000 to 2010 was less than EFR considering only irrigation (Figure 8 ).
4.6
Impacts of water resources development: reservoirs and irrigation combined The last run included both irrigation and reservoirs, the results of this run agreed quite well with the observed annual inflow into the lake (Figure 7a ). Irrigation and reservoir development always caused inflow reduction into the lake (Figure 9c ). However, comparing the 'only irrigation' run with the 'irrigation and reservoirs' run ( Figure  9b and c) revealed that reservoirs increased inflow in dry years. Developing irrigation and reservoirs combined with the climate change, on average caused 10-year average inflow into the lake to decline from 5202×10 6 m 3 to 2502×10 6 m 3 , a 52% reduction, over the study period (Figure 8 ). It means that the average of annual inflow from 2000 to 2009 was less than EFR considering both irrigation and reservoirs (Figure 8 ). The impact of irrigation and reservoirs is more visible during the last 15 years of the study period (Figure 9c ).
4.7
Relative contributions of climate change and water resources development on the declining lake inflow The reservoir irrigation run shows that the total average annual inflow reduced by 48% over the whole study period, 1960-2010. To distinguish between climate change and water resources development impacts using the Wang (2014) approach, we identified the start of the altered period. Our analysis shows that the inflow changing point is 1995, which is the starting year of the main irrigation's expansion (Figure 3) . Therefore, we selected 1995 as the beginning of the altered period. Based on Equation 1 the total change of inflow (ΔQ) between altered and baseline periods is estimated to be 2735×10 6 m 3 , for which 1644×10 6 m 3 (about three fifth) is attributed to climate change (ΔQc) and 1091×10 6 m 3 (about two fifth) is attributed to water resources development(ΔQh).
We also compared the annual trend in inflow from naturalized run with the trend including irrigation and reservoir run over the whole study period. The results show that average naturalized inflow declined by 29×10 6 m 2 yr -1 due to a change in climate (Figure 7a ). For the simulations including irrigation and reservoirs, the reduction in inflow was 49×10 6 m 2 yr -1 showing the changes caused by both climate change and water resources development. This indicates that about three fifth of change (29/49) was caused by climate change over the last 50 years and about two fifth was caused by water resources development. In other words, climate change has caused an inflow reduction of 28% (48%×three fifth) over the study period; while water resources development has caused an inflow reduction of 20% (48%×two fifth).
5
Discussion In order to support water management to protect Urmia Lake from further environmental degradation, it is important to know what has caused the recent shrinkage of the lake. Other studies identified climate change and water resources development as main driving reasons for Urmia Lake desiccation (Farokhnia, 2015; Fathian et al., 2014; Hashemi, 2011; Hassanzadeh et al., 2012) . By selecting a simulation approach, in this study we assessed the relative contributions of these driving reasons to the declining inflow. Our assessment included the analysis of precipitation datasets from 146 gauging stations for the period 1960-2010over the basin. This analysis revealed a decreasing trend over the study period which is in an agreement with other studies that assessed the trend of observed precipitation (Delju et al., 2013; Farokhnia and Morid, 2014; Hassanzadeh et al., 2012; Katiraei PS, 2006; Rezaei Banafsheh M, 2010) .
The simulated naturalized river flow trends show a decreasing pattern similar to precipitation. However, the relative decrease in naturalized flows was much higher. This is caused by a relatively low runoff coefficient (Ghashghaei et al., 2013) for the basin. Furthermore, the seasonal and interannual variability of precipitation also have changed significantly over the last two decades (Delju et al., 2013) . These longer dry periods can cause more human water extraction. This is also partly why the naturalized inflow declined sharply during the dry period between 1995 and 2001. During this period, flows did not meet EFR, even in the absence of reservoirs and irrigation (simulated). This demonstrates the important role of climate change on the inflow to the lake. This finding is consistent with the trend analysis results of Fathian et al. (2014) , who suggested that climate variations in Urmia Lake basin have a direct effect in inferring significant trends in river flow.
Direct evaporation from reservoirs increased considerably over the study period due to increase in total reservoir surface area and probably also due to increases in temperature. However, it did not exceed 5 percent of the inflow into Urmia Lake. Therefore, reservoir operation did only had a limited impact on the average inflow into the lake. Reservoirs can both have positive and negative indirect impacts on inflow. Reservoirs could increase streamflow in dry periods by releasing water stored during wet periods. These results are similar to those found by Adam et al. (2007) , who showed little effect of reservoirs on annual trends, but considerable intra-annual changes. They also reported a decreasing trend in winter and early spring. This difference can be attributed to the different climatic conditions at Urmia Lake. On the other hand, as most of the reservoirs were built to supply irrigation projects, the effect of reservoirs should not be assessed in isolation, but rather in combination with the accelerating development of irrigated agriculture in the basin. Due to the sharp increase in water demand for irrigation current reservoirs are increasingly unable to meet increasing demand. In fact, many reservoirs are empty because of declined reservoir inflow. The findings of this study are consistent with the previous study by Fathian (2014) , who examined the effect of three large dams in Urmia basin on the inflow. They reported no correlation between the dams operation and annual inflow (Fathian et al., 2014) .
Irrigation had a negative impact on inflow and also on water availability throughout the Urmia Lake basin. Moreover, the combination of irrigation and reservoirs has reduced the inflow into the lake if compared to a situation with irrigation only (without reservoirs). This is explained by additional water being stored in reservoirs for supplying water for irrigated fields. However, for dry years the simulated inflow was higher than the simulated inflow into Urmia Lake including irrigation only (without reservoirs), thus showing the potential role of reservoirs managing water in times of water scarcity.
The average annual inflow dropped by 48% between the years 1960 and 2010. The decreasing trend has been even more pronounced since 1995 when the lake did not receive its EFR during a sequence of years due to a severe drought which was exacerbated by water use for irrigation. To compare and quantify the roles of climate change and human activities on inflow reduction different factors have to be taken into account. Naturalized flow is a function of time, and water resources development is mainly a function of different development stages, so several uncertainties are involved. In this study, we selected two approaches to quantify the distinct role of climate change and water resources development. The first approach was based on assessing the change in inflow before and after substantial human impact. The second one compared the naturalized inflow trend with inflow considering irrigation and reservoirs trend for the whole study period, 1960-2010 . Both approaches led to very similar results. Climate change was the main contributor to the inflow reduction (about three fifth) and caused an inflow reduction of 28% over the study period. Shadkam et al. (2016) assessed the impact of a lowest and highest representative concentration pathways (RCPs) (Moss et al., 2010) on the inflow to Urmia Lake in next century. Their results showed that the effect of climate change is likely to continue in both lowest and highest scenarios. Therefore, the detected trend in this study is likely to belong to a long term change in the climate in this area. Our results also showed that water resources development had a substantial effect on the inflow reduction as well (about two fifth of the reduction, corresponding to 20% of the original annual average inflow, thus representing the remainder of the 48 % drop). Our findings supports other studies that have indicated that a combination of climate change and water resources development have caused the lake degradation (Farokhnia, 2015; Fathian et al., 2014; Hassanzadeh et al., 2012) . AghaKouchak et al (2015) suggested that human water extraction may be the main reason for the lake shrinkage. However, their results are based on assessing the basin Standardized Precipitation Index; while, the current study results are based on assessing simulated inflow into the lake. Furthermore, another explanation can be difference between satellitebased data, used in their study, and meteorological WFD/EI data, used and validated specifically for Urmia basin in this study, also the length of the data. Furthermore, other studies showed that inflow into Urmia Lake is more sensitive to changes in temperature (Farokhnia and Morid, 2014; Fathian et al., 2014) rather than precipitation which have been used to force the model in the current study any may leaded to the different conclusion. The results of this study confirm the results obtained by Farokhnia (2015) who compared the impact of climate change and human water use on Urmia Lake inflow with three different methods. Their results indicated that climate change was the dominate reason (up to 72%) to reduce the lake inflow.
The models result could be affected by different uncertainties. Firstly, the relatively coarse spatial resolution used for model simulations. Nevertheless, the VIC model was able to simulate the observed streamflow well (Figure 5 and 7a) . It was not possible to develop a forcing data set at finer resolution for all variables required (precipitation, temperature and wind speed) due to limited availability of observations and the lack of bias corrected forcing datasets other than WFD/EI. However, we included detailed local information about the reservoir characteristics, land use, and irrigation pattern into the reservoir and irrigation modules. As the focus of this study was on the assessment of total annual flows, the resolution uncertainty is expected to be of limited influence on the reliability of our conclusions.
Secondly, the observed data including precipitation, reservoirs storage and irrigation pattern which provided by the Ministry of Energy. However, they are the best available data based on our best knowledge which have been verified by Urmia Lake Restoration Program (ULRP, 2016b). Furthermore, the observed inflow data which were provided by the ULRP from 18 stations located near the outlets of all important tributaries to the Lake. The estimate of the inflow into Urmia Lake might be inaccurate due to two reasons. First, part of the measured flow does may not actually reach the lake (i.e. due to evaporation). Second, direct runoff into the lake and inflow through small seasonal streams has not been accounted for in our estimate.
Thirdly, we focused our simulation on the use of surface water although a part of the irrigated water use in the basin originates from groundwater. This might cause the minor differences between observed data and simulated results. The streamflow simulated by the VIC model results from water balance calculations on the land surface including shallow rechargeable groundwater through sub-surface runoff. As a result withdrawal from the shallow renewable groundwater is included in our simulations. However this is not the case for deep non-renewable groundwater. The simulated availability of water is therefore probably slightly underestimated (Hanasaki et al., 2008) . Our results also indicate that currently surface water cannot meet all irrigation water requirements. It is likely; however, that part of the deficit was met by using deep groundwater.
In this study we compared simulated inflow with used EFR estimated by (Abbaspour and Nazaridoust, 2007) , as it has been defined as Urmia Lake Restoration Program target (ULRP, 2016a). The study is based on the assumption that 240 (g/l) NaCl is the threshold that Atemia urmiuana can tolerate. However, Agh (2007) reported the negative impact on survival, growth and reproductive of Artemia urmania at salinity levels ranging from 75 to 175g/l in a 23-day long experiment. Higher salt concentration were not tested, but analyses of other species of Artemia reported no survival above 230 g/l (Browne and Hoopes, 1990) . Therefore, an in-depth study to review the Urmia Lake environmental flow requirement is recommended.
It is also recommended that further studies consider the volatile geomorphological situation of the lake. Due to the recent reduction in lake volume the salinity of the lake water has increased sharply causing about 8 billion tons of salt to fill up the deeper parts of the lake. A recent investigation by ULRP revealed that the depth of the deepest part of the lake changed from 16m to only 2m over the period . Although the drop in water level was only around 7m, a layer of salt of around 7m as well, has filled up the deeper parts of the lake. The ratio of the area to the volume (m 2 /m 3 ) has thus increased considerably, meaning that for the same volume of water much more evaporation is expected.
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Conclusions Our results show that the recent Urmia Lake degradation was probably caused by reductions in river inflow into the lake due to a combination of changes in the climate and water resources development. Climate change was the main contributor to this inflow reduction. However, water resources development, particularly water use for irrigation, has played a substantial role as well. The results of this study show that urgent action is needed to rehabilitate and preserve the Urmia Lake. This urgent action should include both international action to mitigate climate change impact, and national action to improve water management, in particular to lower the consumptive water use for irrigation. It is also recommended that further studies are conducted for increasing our understanding on environmental flow requirement, the effect of the changing lake geomorphology, and the effect of groundwater extraction, as this can importantly contribute to finding a realistic solution for the Urmia Lake socio-environmental disaster. , 1960-1970, 1970-1995, 1995-2005, 2005-2010, 
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